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1. MC study
2. HCS study
3. HCS normal vector projection on the

solar surface plot
4. Neutral line elevation
5. Relative MC and HCS orientation
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PHYSICAL CONDITIONS

Non force-free character Cylindrical geometry with an elliptic cross section

Hidalgo’s model (An analytical non-force-free model 
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Linear time dependence of the 
plasma current density
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Magnetic field components in the GSE coordinate system



PARAMETERS OF THE MODEL
- Parameters related to orientation of the cloud:

the latitude with respect to the ecliptic plane, ,
the longitude in the ecliptic plane, ,
the minimum distance of the spacecraft to the cloud axis, y0
the cross-section orientation, 

- Parameter related to the plasma behavior:  

- Parameter related to the distortion of the cross section of the cloud: 
- Parameter related to the expansion of the cross section of the cloud: t0
- The axial component of the magnetic field at the axis of the cloud By0



Determining the Heliospheric Current Sheet Orientation
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Minimum Variance Analysis (MVA)
• Variance matrix
• minimum eigenvector defines the normal to the HCS local plane
•Medium and minimum eigenvalues ratio > 10

HYTARO



Example of HCS crossing

HYT:  (0.72, 0.66, 0.21)
MVA: (0.67,0.73,-0.16) with 2/3 = 3.2



MC and HCS crossing: Example 1 







•Elapsed time 3.4 h
•MC axis (0.1,0.99,0.1)
•Helicity –
•Solar source CME observed 
by C2-SOHO at a position 
angle of 231º

HYT(0.56,0.46,0.69)

MVA(0.52,0.51,0.69)

with eigenvalues
ratio of 1.9

This HCS crossing was connected 
with a neutral line portion 
placed on the Sun–Earth line six 
days before
The angle between the HCS 
projection and the neutral line 
was 76º
The difference between the
neutral line inclination and the 
MCaxis was 55º. 
At 1 AU, the angle between the 
MC axis and the HCS normal  
vector was estimated to 64º.
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MC and HCS crossing: Example 2 







Elapsed time: 11h
MC axes (-0.95, 0.29, 0.1)
Helicity +
MC speed 330 km/s 
HCS-SW speed 340 km/s

HYT(0.36,0.91, -0.22)
MVA(0.09,-0.25,-0.96)
with 2/3 = 14.5

No well connected
with neutral line

But +-27 days
HYT(0.95,0.17,0.26)
MVA(0.92,0.01,0.39)
And
HYT(0.61,0.15,0.77)
MVA(0.61,0.06,0.74)
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MC and HCS crossing: Example 3
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•eaxis (-0.79,-0.4,-0.45)

•eN (0.81,0.57,-0.16) rear

•eN (0.96,0.27,-0.08) back
















